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A COMPARISON BETWEEN MEASURED TRANSMISSION AND EMISSION SPECTRA
AND CALCULATED SPECTRA IN THE 9.6 um REGION OF OZONE

D. Marzoch .
Meteorological Institute, Ludwig-Maximilians-Universitat, Munich

1. Introduction i@*

The line spectra of the 9.6 um band of ozone from Clough and
Kneizys, 1965 [7] were compared with laboratory spectra from McCaa
and Shaw, 1967 [17] iIn the thesis of Rest, 1968 [24]. They were
corrected empirically to reproduce these ozone bands as accurately
as possible by calculations carried out line by line with actual
atmospheric data.

Comparisons of spectra calculated in this way with the corres-
ponding measured spectra have been made previously only with the
laboratory spectra of the entire band from McCaa and Shaw and with
emlssion measurements in short spectral ranges by S. Agata,
Jungfraujoch (Bolle, 1961).and Pallestine (Hanel, 1966)}. The
results indicated very good agreement. However, 1t was desirable
to compare more spectra with higher dispersion of the entire 9.6 um
band. The measurement prerequisites were given in 1969, because a
heliospectrograph for transmlsslion measurements was avallable in
Maisach, and emission measurements were being carried out at the
same time by the IRIS (infrared interferometer spectrometer) from
the satellife Nimbus IIT.

Recently, comparisons between calculated and measured specira
in the range of 9-10 ym have been successfully carried out by
Goldman et al., 1968 [10]. The spectra were calculated line by
line, naturally taking the "hot bands" of ozone into consideration.
The line data used here were later made available to the author
from Selby and MeClatchery, 1970 [18], so that another comparison
was possible.

Another method for the calculation of the absorption spectra
of IR bands is the statlstical band model developed by Goldman and
Kyle, 1968 [11, 12].

These lines or band models are interesting because, with thedr /g
help in comparing calculated and measured spectra, statements can T
be made about the line data of a particular gas. With more exact
knowledge of the transmission function, the ozone content of the
atmosphere can also be determined with greater certainty from
satellite spectra by inversion methods: :{Prabhakara, 1970 [22]).

¥ Numbers in the margin indicate pagination inithe foreign text.



2. Transmission Messurements 1in Malsach

2.1. Measurement Times in Maisach

The first transmissilon measurements of the measurement station
Maisach, 35 km west of Munich at the Flrstenfeldbruck alrport, were
possible on May 22, 23, and 27, 1969. (A summary of these
measurements is given in the appendix.) It was attempted to
schedule the measuring periods for the late afternoon, when Nimbus
IIT flew over central Europe and made emission measurements.

Of these three days, May 27 was especially good because the

measuring location and time of the satellite and earth station came
the closest then.

2.2. Measuring Equipment for the Transmission Measurements

The heliospectrograph for the transmission measurements in
Maisach consists of a coelostat and a so0lidly constructed diffrac-
tion grating spectrograph (H. Grassl, P. Wendling, H.J. Bolle, 1969
[13D).

The sunlight passes from.the plane mirror of the coelostat
(8.60cm) , which can be automatically directed by a sun~seéking -de-
vice over several mirrors to the entrance s1it of the spectrograph.
The grating spectrograph is constructed on the principle of Czerny-
Turner, the focal length of both spherical mirrors is. 2 m, the
Echelle grating is moved by a driving gear that is constructed to
make the wavelength feed linear. A Golay detector was available
to measure the intensity of the solar radiation. A reference
emitter could be omitted, because the intensity of the incident
solar radiation 1s very high at 10 um, and no absclute measuring
was done. The blackened surface of the chopper, which can be
omitted at this wavelength, unlike the direct inclident solar radia-
tion, was sufficient as a reference poilnt.

A spectral dispersion of 1 wave number was reached during the

measurements by this spectrograph with a slit width of Y4 mm.

2.3. Determination of the Transmission Characteristics of the
Spectrograph

The spectrum produced by the spectrograph is changed by its
characteristic transmission. This means

] 1 (2-1)
Ay = DitAy.

~
-
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A% 1s the experimental value of the measured spectrum at a definite
wavelength, Ay is the corresponding test value of the "true spec-
trum."” Di = C-Dy is the wavelength dependence of the spectrograph
transmission. 4 Nernst glower at a working temperature of approxi-
mately 1700°K was used to determined D, because the 56°C black
body avallable at the time could not deliver enough energy to the
spectrograph with a fully opened slit of 4 mm and a high disper-
sion of 1 em~l. 1In detail, the following processes were carried
out: The 56°C black body was measured over the desired spectral
range in another spectrograph with a lower dispersion, and then the
"transmission curve" Di of the spectrograph was determined by using
the absorption tables. The graph is obtalned from the following
relations: ‘

|

A, = D3 [By(7y) = By(T)]. ! (2.2)

B3 (T1) is the spectral radiant flux density of the reference emitter,
BA(TQ) is the spectral radiant flux density of the comparison e-
mitter. If the same measurement 1s carried out once more with the
Nernst glower, the "true" intensity of the Nernst glower can be /12
determined by using the transmission curve now known. Another
measurement of the Nernst glower with the spectrograph that was

used for the transmission measurements gives the needed transmission
curve by comparison with the "true" Nernst glower curve. Naturally,
only relative values can be obtained by this process.

It should also be noted that the Nernst glower showed no sig-

nificant variations in intensity during a long measurement period
and therefore could be used as a calibration source.

3. Emlssion Measurements from Nimbus ITI /13

3.1. The Nimbus III Satellite

Nimbus III was launched on April %4, 1969, and flies a nearly
circular orbit of 600 nautical miles (X 1100 km). The individual
orbits cross the equator at intervals of 26° longitude. One orbit
lasts 107 min, which corresponds to about 13 orbits per day [20, 21].
If a particular region of the earth is considered, from which
measurements can be compared to those from the satellite, then
these comparisons are possible 13 days a month at a geographical
position within a range of z4°. Poor weather conditions can reduce
this number of days considerably, however.

The emission measurements of ozone in the 9.6 um band were
carried out in the IRIS experiment.



3.2. The IRIS Experiment

The IRIS experiment (infrared lnterferometer spectrometer) by
R, Hanel and B. Conrath [l4, 20, 21] began during the eighteenth
orbit and ended measurements on July 22, 1969, during orbit 1332.
The goal of this experiment was to obtain information about
vertical temperature profiles, ozone, water vapor, emission of the
earth's surface, and atmospheric gases 1in low concentrations (CHM
and N»0).

The instrument, a Michelson-infrared-interferometer spectrom-
eter, measured the thermal emission spectrum of the earth in the
region of 5-25 um (= 2000 to 400 em~1) with a spectral dispersion
of 5 wave numbers. It possessed a conical field of vision with a
bevel angle of 8°, which corresonds to an area on the earth's sur-
face with a diameter of about 150 km from an altitude of 1100 km.

From the spectral range of 5-25 um, it was therefore easy to
obtaln the range that is significant for the emission of ozone, and /14
that could alsc be compared with the range of transmission
measuremehts.

On May 27, 1969, Nimbus III flew over the region with the
central point of Kempten approximately during the measuring time
period in Maisach. Thus it was possible to compare emission and
transmission measurements, and to Join the emission and ftransmission
pregrams for the calculations, since the same ozone, water vapor and
pressure distribution were involved in both.

In Fig. 3.1, a section of the line of flight of Nimbus III on
May 27, 1969 can be seen with the corresponding measurement Pegions.
Figs. 3.2 to 3.4 show the cloudiness on May 26, May 27, and May 28,
1969, which was also measured from Nimbus III by the high resolu-
tion infrared radiometer (HRIR).

4. cCalculation of the Transmission and Emission Spectra /15

4.1. Fundamental Egquations of the IR Radiation Transmission

The fundamentals of the process used here to calculate the IR
radiation transmission have already been discussed in Bolle, 1967
[4] and Rest, 1968 [24]. Therefore, only a brief summary of the
equations essential for the determination of transmission and
emission will be gilven.

The spectral radiant flux density is changed by the mass dm
during 1ts passage through an atmospheric layer because of absorp-
tion and emission. The absorption portion is given by

(de)a = -k N dao ' (4.1)

- . . e -



k,, = absorption coefficient and the emission portion by

/
i (dﬂv)o = *kvrvdm / (4,.2)

Iv = source function. If the increment of the optical path kydm
is replaced by du:

du = =k d4nm,
o i / (4.3)

then the total change of the radiant flux density is obtained from
(4.2) and (4.4):

a§, = (4N.), ¢ (@R)) = F du « I du, / 4.4y

I,(u), the source function is given by the Planck function for
p > 0.034

BU(T) - ?h\l [+ // (4'5)

The integration of (4.1) applies to the calculation of the pure
absorption:

. ;
ﬁ = oxpf-k do , / (4.6) /16

or, since Ny/Ny, is labeled as transmission Ty:

- =¥ GTe  /
‘v = EKPJ T // 3 | (4.7)

To calculate the transmission toward the sun in the 9.6 um
band of ozone, it is sufficient to use Egq. (4.7) without considering
the influence of the characteristic radiation of the atmosphere,.
The relation of the sun's radiant flux density,v5000%°K, to the at-
mosphere, about 280°K, lies in the order of magnitude 1000 to 1.



The contribution of the emission can be ignored for thils reason,
because onlylportions of the sun contributed t¢ the measuring sig-
nal of the heliospectrograph that was used. If the emission 1s
nevertheless taken into consideration, then Eq. (4.4) is applicable.
If both sides are multiplied by e~“ and the ftransmission function
Ty(u) = e~U is introduced, the result is

d(ﬁv'v)" 1,47, 'J: (4.8)

If this equation is integrated over the optical path with the 1ni-
tial point uj and the end point u,, the complete radlation trans-
mission equation is obtained:

f

W, () = wv(u2)‘v(u2'u1).';?Iv(u)d?v(u) g j (4.9)

since 1,{uj, ul) = 1, For the comparison with satellite measure-
ments, Eq. (4.9) should be reformed correspondingly, i.e. the
radiation that disperses into outer space is consldered. The
optical path length is replaced by the altitude above sea level.
The relation between the two 1s

du = k (h)p(h)an, / (p = ozone density) (4.10)

since the relative air mass is equal to 1 in this case. If the
altitude from the earth's surface is labeled hg and the atmospheric
clreumference he, and Ny{us) 1s replaced by the source function
I,,B(z), which is the radiant flux density emitted from the earth

under the zenith angle g, then the equation for the radiation dis- /17
persing inte outer space is -

N (hgof) = 1, 5637 (hg,h,) -71‘)(}1)&1 REP ,’ (4.11)
b |

In applications to the atmosphere it is better to integrate
altitude rather than pressure. The relation between them is easily
determined with the hydrostatic fundamental equation and the ideal
gas law. Taking (4.3) and (4.10) into consideration, (4.7) there-
fore appears as

T, = expE%;;ggf dp] . / (p = ozone density)(4.12)



4.2. Calculation of the Transmissicn from Line Data

The simple Lorentz profile is used to calculate the O3 trans-
mission firom line data:

)2 + o2 . (4.13)

The half-width value is calculated from:

‘ 0 '
a = & %j;.i{o .}/ (4.14)

ag is the half-width value at pp and Ty, and has the censtant value
0.089 em—l1 for the transmission calculations of ozone. This value
appllieds at NTP. Since caléulations are made up to a pressure of
0.1 mbar in'this program, the Doppler effect must be considered in
the distribution of the spectral lines (Armstrong, 1966 [1]}. This
is taken into consideration in the present calculation program if
the relations a/ap < 5 and (v - vgl)/ap < 5 are realized. The line
distribution caused by the Doppler effect is described by ap:

. |
a,,es.sa-w"’\;f% o | (4.15)

(M = molecular weight). As calculations from Kunde, 1967 [15] have /18
shown, the preceding conditions are sufficlent to describe the
influence of the Doppler effect.

The line intensity S or integral absorption is stlll lacking
as an additional dimension for the determination of the absorption
coefficient.

-
Sujkﬁv.J (4.16)

-t l
The temperature dependence of the line intensity 1s:
S =Soﬁ(T) l\ (}4'1?)

while Sg gives the line intensity at the reference temperature Ty



in degrees Kelvin. If it 1s desired to give S 1In cm—2 :atm"l, as
in the case of ozone, then S = Sp(Ty/T)e(T). ¢&(T) is a temperature
function and is summarized in the following way:

=1,4388
1 = ——la .
1 exp EN "o

: T r
HM=(y®) exp[-1,4388v' (77 - =1

o’/ e (4.18)
1 ~ exp —8388,
yh ol
o
vg 1s the line center, v" = E'"/hc 1s the wave number that would
correspond to a transition from energy level E" -- the lower transi-
tion level -- to zero. ©r depends upon the type of molecule,and,

for example, is 1.5 for 0sz and H,O0. HNow the transmission of
separate lines can be caldulated from Egs. (4.13), (4.14), (4.17)
and {(4.18) with Eq. (4.7).

In the calculation program used here, a variable step size 1is
chosen which begins at the line center wlth the minimum step size

Av = 0,001 em~1 and is raised to the maximum step size Av = 0.01 em—1

by doubling. If this value 1s reached, the step size remalns con-
stant. The point at which a decreasing step size begins agaln 1is
always located so that the minimum step size ends exactly at the
next line center.

The calculation process is carried out for the gases 03, H-0
and COo, of separate atmospheric layers, and the transmission
values obtained are Joined according to the relation

Tytotal © Tv03'TvH20'TvC02'

The line intensifties used for the calculation of the entire
spectrum from 950-1100 cm-1 were previously the line intensities
from Clough and Kneizys [7], corrected by Rest [24]. Later, the
spectral reglon from 1030-1035 cm—1l could also be caleculated with
the new line data from Selby and McClatchey [18].

4.3. Atmospheric Model

To calculate the transmission through the atmosphere and the
emission toward outer space and the earth, it is necessary to
divide the atmosphere into layers for the integration. The divi-
gslon of layers 1In the program used here is arranged to allow con-—
sideration of marked pressure values from radilosonde ascents. The
essential part of this program for the observer, however, 1s the
fine divisions of layers. The radiant intensities which are
measured in the air or on the ground are mest affected by the
layers directly bordering on them. This influence 1s taken into
gecount by the fine division of layers,

For the calculation of the tranmission and emission spectra
from May 27, 1969, the values of the radiosonde ascent Munich-Riem
at 12:00 GMT [Greenwich Mean Time] were given for the pressure,

/1



temperature, and water vapor distribution in the layer model. The
measurement values from Mailsach were used for the ground values

(Fig. 4.1). The ozone distribution comes from the measurements

from Hohenpelssenberg on May 28, 1969, 7:41 Central European Time
(Fig. 4.2). The lacking distributions were completed up to 0.1 mbar
according to the table values of Bolle, 1967 [4], which has as a

basis the US Standard Atmospheres 1962 and recommended water vapor ggg
and ozone distributions from the Handbook of Geophysics. Table

values on the zenith angle of the sun dependent on the measuring

time are avallable for Maisach (Quenzel [23]1).

5. Evaluation of the Transmission Measurements. /21

The best "window" is located in the measured spectral region
from 950-1100 em~1, thus the spectral region of the least absorption
at 986 em~1 (= 10, 14 um) (Farmer, Key, 1965 [9]; Migeotte et al.,
1956 [191). '

To correct the influence of the continuum absorption, and to
obtain the equlvalent measurement deviation of the extraterrestrial
solar spectrum, it is necessary to carry out measurements of dif-
fering zenith angles of the sun in the window range to extrapolate
zero from the air mass. This was impossible due to poor weather
conditions. A correction was made with the water vapor continuum,
so that this measurement deviatlon could be defermined. This ap-
plies to the tranmission in the window: ‘

5

T. = exp({=k EE- ).:
F v,0 P, mgzo | (5.1)

Ky is the absorgtion coefficient farthe water vapor continuum
and is 0.09 g-lem® at 10.1 um (Bolle, 1967 [4]). pg 1s the effec-
tive pressure for HpO (= _775 mb), pg = 1013 mbar, my,o givesithe
water vapor mass 1in gem—2. The extraterrestrial méaSurement devia-
tion of the solar spectrum A,, 1s obtained from:

N 1
A = 2vpgem
. Y 7p : (5.2)

Ay gen is the measurement deflection of the measuring intensity in
the window. The black body curve of the sun was set through this
point, the measurement deviation A,, at 986 cm“l, with a radiation
temperature of 5036°K. It acted as anenvelope of the spectrum
(Saiedy and Goody, 1959 [16]), so that the transmission Ty could be
calculated at any desired point. The value for the sun's radia-
tion temperature from Labs, 1668 [16], 5145°K at 10 um was not used



because it was discovered only after thé complétion of the evalua-
tion. The use of 5036°K instead of 5145°K results in a relative /22
errorof -0/2% with this evaluation procedure.

The influence of extinction by the dry aerosol in the range of
10 um can be disregarded during the evaluation of the measurements.
But at relative humidities over 75%, the influence of the expanding
aerosol would have to be considered according to Carlon, 1970 [6].
During 211 of the measurements in Maisach, fthe relative humidity
remained below thils value in the lower atmospheric layers, which
contain the most aerosol.

™~
Mo
|

6, Comparison Between Calculated and Measured Spectra

6.1. Transmission Spectra

The comparison between calculated and measured transmission
spectra was made on spectrum 27/1 from May 27, 1969 for O3 along
as well as for 0, + Ho0O + COo (see Fig. 3 in the appendix? HoO
and COp could be corrected in the measured transmission spectra
with the help of the calculated transmission values of both gases.
Slnce *ty, = Ty03°TvH0"Ty02s Tyoy 18 easily calculated. For the
comparlson w1th thé measured spectrg the calculated spectra were
flattened with a triangular slit function, which had a half-width
value of 1 em-1 for the transmission spectra and 5 em~1 for the
emission spectra. In Figs. 6.1 and 6.2, respectively, the two
curves are contrasted.

As both 1llustrations show, the course of the spectra is
reproduced very effectively by the calculation. Greater deviations
from the measured transmlssion values appear in the range 980-

1010 em~1 (relative error -6.1%, up to -15% for single wave numbers).
However, the integral absorptions over the entire band do not
deviate from each other.

In the range 1030-1035 em~l, calculations could be made again
with new uncorrected line data and the same ozone distribution.
Due to the large number of these new line data (an increase in the
number of lines from 3500 to 10,000), the calculations for a
larger spectral region were too demanding.

The mentioned range was therefore chosen, to determine whether
the influence of the overlapping of Q and P branches on the trans-
mission can be reproduced better with the new line data. As Fig.
6.2 shows, if an improvement can actually be determined, the devia- /24
tion of the transmission of the calculated spectral range from that
of the measured range will be decreased by 40%.

To determine how the transmission of the entire band changes
when the new line data are used, one of the transmission spectra
for p, T = const glven bY Rest was calculated, employing the cor-
rected Clouch and Knelzys data, with the new 03 line intensities.

10



In addition, one was chosen that had an 05 mass of 0.41 atm-cm at
a pressure of p = 66.6 mbar.,PFig. 6.3 compares the "laboratory
spectra calculated with corrected and new line data. The same
discrepanciles appear in the same spectral ranges as the one in the
spectra from Maisach. This 1s especially noticeable in the range
from 1050-~-1065 cm‘l, where the transmission values obtained with
the corrected line data are too high. Thus, there 1s reason for
the conjeecture that the ilaboratory spectra of McCaa and Shaw, to
which the line data used by Rest was adapted, were Inaccurate.

The result is correspondingly inaccurate line Iintensities.

In Fig. 6.2, if the relation of the integral measurement and
calculation transmissions is constructed for the spectral regions
980-~1000 cm~1 and 1050-1065 cm‘l, and compared in Fig. 6.3 with the
relation of calculated integral ftransmissions with new and cor-
rected line data for the same spectral ranges, these values agree
within a 3% deviation. This confirms the conjecture of incorrect
line data, and it also shows that the spectra can be reproduced
effectively in these ranges with the new data,

In Fig. 6.4, spectra calculated with uncorrected line inten-
sities from Clough and Kneizys and new line data n-'= 0.4l atm-cm,i.
p = 66.6 mbar) are compared again to show the essential changes in /25
the transmission values.

6.2. Emission Spectra

IRIS measurements from Nimbus III from May 27, 1969,10:00GMT were
available, as already mentioned in Chapter 3, for the comparison
of emlission measurements. The spectrum that was used represents
the middle circular measuring range with the center point 47.8°N
and 10°C in Fig. 3.1. The pressure, temperature, and water vapor
distribution were again cbtalned from the radiosonde ascent Munich-
Riem at 12:00 GMT on the same day; the czone distribution was ob-
tained from Hohenpeissenberg on May 28, 1969. Statements about
the ozone variationibetween Hohenpeissenberg (Attmannspacher, 1969
[2, 26]), Faverne, and Arosa (Ditsch, 1970 [8]) .can be obtained
from Table 7.1 and Figs. 4 and 5 in the appendix.

Fig. 6.5 shows the comparison of the calculated and measured
spectrum (lower and upper curve). The course of the spectrum is
reprcduced well here too, except that the calculated curve has
lower values with respect to the measured curve than the corres-
ponding curves of the transmission spectra. The reason for this
may lie in varying ground temperatures, as the assumptions of
293.5°K and 289°K show in Fig. 6.5. The displacement by 1 wave
number in the center can be attributed to the satellite data,
because it does not appear in the transmissions, although the same
caleculation process 1is used. 19°C is given in the daily weather
reports for the ground temperature on May 27, 1369, 13:00 Central
European Time in Kempten, which was located in the measurement

11



area. The deviation in temperature values should therefore be
considered a consequence of regional and temporal differences in
measurements,

To investipate more closely the assumption of differing pground
temperatures for the calculated and measured emission spectrum,
the following evaluation is carried out, which is obtalned by
adaptation of the calculated to the measured spectrum.

The following relations apply to the radiant flux density
measured by the satellite:

A, @ BV(TI)"; + Emia;ian 4. e, (6.1)

Ay s BTt e s (6.2)

By(Ty) and By(Tp) give the radiant flux density of the ground tem-
peratures T1 = 293.5°K and T, = 289°K. If (6.2) is withdrawn from
(6.1), then:

 Avf#v._“,[Bv(T1) - BV(TQ)]’TL -und:- ' 4 (6.3)

e D

(6.4)

The middle curve in Fig. 6.5 shows the calculated spectrum adapted

/26

i

to the measured spectrum by Eq. (6.4), when the necessary calculated

tranmission values Ty from Fig. 6.1 are used. It 1s evident that
a significant improvement in the calculated intensities actually
appears. An indication of higher values in the spectral range
from 1050 to 1060 em~1 can also be determined here, as in the
transmission measurements (Figs. 6.1 and 6.2). In Fig. 6.5 the
relative errors of the adapted curves fo the measured curves are
in the region 990-1010 em~l,-2.3% ; 1050-1060,cm~1 +2.6%;and 990-
1065 cm~i, -2.5% (entire band).

In Pig. 6.6 an estimation of how the emission spectrum would
be distributed if it were calculated with new line inftensities is
shown. This estimation can be carried out according to formula
(6.4), if the following is changed:

Ay AL (T T (), (6.5)
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Ty 15 the measured transmission of Fig. 6.1, T$ is the calculated
transmission, and B,,(T) is the spectral radliant flux density for

T = 293.5°K. Apparently, the use of the new line data would bring /27
no improvement according to this estimation. So the relative errors
are now in the range 990-1010 em—1, +3,8%; 1050-1060 em™*,-9.2%; and
990-1065 em~1,-2.0% (entire band). OFf course, the displacment of

the wave number has not yet been considered. Therefore, all three
curves are again superimposed in Fig. 6.7, so that the centers
coinelde. For the relative errors relative to the measured curves,

the fellowing values are determined:

Corrected line data . y New line data
1050-1060 em~1 +6.5% relative errors -~-=5,9% relative error
390-1010 em~1  -4.4% @ o " +2. 4% ) "

990-1065 em™+ -2.9% .. " o C-2.5% " "

It is evident that the calculations with new line data also
make a betfer reproduction of the measured values pessible, solthat
the result of the estimations for the ftransmission spectra evaluated
in this work is confirmed.

It was possible to calculate the emission through the atmos-
phere with new line intensities for the spectral range 1030-1035
em~1l., The comparison between this and emissions calculated with
0ld and new line intensities can be seen in PFlg. 6.8. Because of
the small spectral range, a dispersion of 1 wave number had to be
used. Thus, direct comparisons with the measurement and calcula-
tion of the dispersion of 5 wave numbers i1s scarcely possible.
Eowever, 1t 1s evident from the comparison in Figs. 6.5 and 6.8
that the emission values calculated with new data are lower than
the values calculated with ©ld data, so that the evaluations
carried out previously are also confirmed here.

7. Sources of Error ' /28

|

Since the pressure, ftemperature and water vapor distribution
could not be obtained at the time of measurement to caleculate the’
spectra, with the exception of the ground values measured in
Maisach, the radioscnde ascents Munich-Riem at 12:00 GMT had to be
employed. Evidently, several sources of error that are difficult
to estimate could appear, especially in relation to changes in
water vapor content and temperature in higher atmospheric layers.
The case of the ozone distribution is also unfaverable. The dis-
tribution on May 28, 1969 from Hohenpeissenberg, as the nearest
measurement locatlon, had to be accepted for May 27, 1969, and it
is evident from conparisons with total ozone measurements from
Arosa and Hohenpeissenberg in Table 7.1, that the total ozone con-
tent was higher on May 27, 1969 than on May 28, 1969 by 5.6%.
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TABLE 7.1. MEASURED TOTAL OZONE CONTENT IN matm-cm

Hohenpelssenberg Arosa
20 May 1969 396 373
21 May 1969 361 349
22 May 1969 371 349
23 May 1969 339 337
24 May 1969 355 346
27 May 1969 357 352
28 May 1969 337 336
29 May 1969 384 371

As the table and the ozone profiles of Figs. 4 and 5 in the
appendix show, regional differences for the ranges appearing here --
which applies to May 27 and May 28 -- can be disregarded. Since
this data was first known to the author during the course of ..his
calculations, a correction could not be made.

During the evaluation of the transmission spectra, it was
discovered that the measurement values 1n the "window" were not

~
O

correlated with the zenith angle of the sun, but fluctuated ir-
regularly, which probably can be attributed to weak c¢irrus clouds.
The relative error of the mean value from measurements of nine
different angles of the zenith is *5%. Nevertheless, these
fluctuations have no significant negative effects in the course of
further evaluations with the solar curve and the water vapor
continuum.

~
o

8. Coneclusion

As the evaluations and estimations in this work show, the
followlng statements may be made:

The adaptation of the line data from Clough and Kneizys to
laboratory spectra from McCaa ahd Shaw by Rest produced incorrect
values, since the laboratory measurements wereobviously defective,

This can be determined very definiftely in the spectral re~
gions 980-1000 em~1, 1030-1035 em~l and 1050-1065 cm=1l, It has
also been proved that measured spectra can be reproduced best by
calculations employing the new line data of Selby and McClatchery.
The large discrepancies that occurred with the Rest data in the
gpectral ranges studied here can be reduced with the new data. This
applies particularly to the calculated transmission spectra, while
a deterioration ocecurs with the calculated emission spectra in the :
spectral region from 1030-1040 em~l. Defective data material for
the emlsslon measurements 1s a possibility, as the displacement by
1 wave number in the comparisons between calculatlons and measure-
ments indicates. Measurement 1naccuracies that appeared in the

14



transmission measurements in Maisach would not reduce the con=-
tinuing discrepancies by more than 1%.

Naturally, it would make a better statement if the new line
data were given another examination with the entire 9,6 pm band.
However, this should take place with atmospheric transmission
spectra, not with laboratory spectra, since ozone is very diffi-
c¢ult to handle in the laboratory. But the calculation of atmos-
pheric transmission spectra with new data means a monstrous expen-
ditures for computation. To calculate the absorption coeffilcients
k, and the corner integrals for 04 in the spectral region 1030-
1035 em~l with new line data, a puréd computing time of 27 hours
was required in Offenbach on the CDC 3800. That would correspond /31
to a computing time of 2 to 3 hours on the IBM in Garching. For
this reason, it seems more sensible fo change to band models,
as they were developed by Goldmann, for example. The parameters of
this statistical band model were determined for intervals of
Av = 5 cm~l and for three representative temperatures. Therefore,
a meaningful comparison with the atmospheric transmission spectra
of 1 wave number dispersion 1s first possible, when the intervals
are diminished correspondingly and the parameters are calculated
for more temperature.

The voluminous calculations were carried out on the CDC 3800
of the German Weather Serwvice in Offenbach. Mr, W, Attmannspacher
and Mr. H. U. Diitsch are thanked for sending the ozone procfiles,
and Mr. R. Hanel and Mr. B. C. Conrath are fthanked for sending the
IRIS measurements. The corrected line data were placed at the
disposal of the author before publication by Mr. J. E. Selby and
Mr. R. A. McClatchey. Miss B. Pornitz must be thanked for the
execution of the calculations. The work was supported by the
Federal Ministry for Education and Sclence as a research project
of WRK 214,
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Fig. 1. Transmission spectra at Maisach on May 22, 1969.
The spectra have been shiffed in each case by a
2 cm measurement deviation. All spectra have been
corrected by means of a permeabllity curve of the

spectrograph.
No. Time Air temperature Ground pressure Water vapor
(CET) (°c) mbar (gem=3)
22/1 15: 46 19 962 0.695-10"5
22/2 15:56 i9 962 0.695
22/3 16:09 19 962 0.695

(z: Zenith angle)
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2. Transmission spectra at Maisach on May 23, 1969. /48
The spectra have been shifted in each case by a
2 cm measurement deviation. All spectra have heen
corrected by means of a permeabllity curve of the
spectrograph.

Time Air temperature Ground pressure Water vapor
(CET) (°C) mbar {gem~3)
9:08 18,0 955 0.900.10™2
9:50 18.0 955 0.905
10:02 18.0 955 0.905
10:50 18,5 955 0.913
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No Time
{CET)
27/1 g: 45
27/2 10:00
27/3 10:14
27/4 10:27
27/5 11:06
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Transmission spectra at Maisach on May 27, 1969.
The spectra have been shifted in each case by a

2 cm measurement deviation. All spectra have been
corrected by means of a permeability curve of the

spectrograph.
Air temperature Ground pressure
(°C) mbar
16.0 954
16.0 95k
16.0 9U5
16.0 945
16.5 945

Water wvapor
(gem=3)

0.745+10">
0.745
0.745
0.745
0.770
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Fig. 3b. Transmission spectra at Malsach on May 27, 1960, /50

No.

27/6
27/7
27/8
27/9

The spectra have been shifted 1n each case by a
2 cm measurement deviation.

spectrograph.
Time Alr témperature
(CET) (°C)
11:31 16.8
11:46 17.0 .
12:04 17.0
12:28 17.0

All spectra have heen
corrected by means of a permeability curve of the

Ground pressure

mbar

954
954
954
954

Water vapor
(gem=3)
0.775-107°

0.775

0.775
0.775
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